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Vegetable oil-based lubricants exhibit several performance limitations, e.g.,
relatively poor low temperature fluidity, relative to their mineral oil counterparts and
there is an interest in improving the low temperature fluidity of synthetic polyol ester-
based lubricating compositions.

i

According to the present invention there is provided a polymer, which
comprises from 70 weight percent (wt%) to 99.5 wt% first repeating units, each derived
from a (Cg-C15)alkyl (meth)acrylate monomer, e.g. a (C12-C15)alkyl (meth)acrylate
monomer, and from 0.5 wt% to 30 wt% second repeating units, each derived from a
(C16-C24)alkyl (meth)acrylate monomer.

According to "the present invention there is also provided a biodegradable
additive, which comprises from 25 weight percent to 75 weight percent of a polymer
according to the present invention, and from 25 weight percent to 75 weight percent of
a vegetable oil or polyol ester.

According to the present invention there is further provided a biodegradable
lubricating oil composition, which comprises from 0.01 weight per cent (wt%) to 2 wt%
of a polymer according to the present invention, and from 98 wt% to 99.99 wt% of a
vegetable oil or a polyol ester. The lubricating oil composition of the present invention
provides improved low temperature fluidity and low temperature storage stability.
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typically comprise a mixture of alkyl (meth)acrylate esters. Such mixtures are referred
to herein using the name of the ester species predominating in the mixture.

As used herein, the terminology "(Cg-C15) alkyl” means any straight or branched
alkyl group having 8 to 15 carbon atoms per group, e.'g., octyl, nonyl, n-decyl, isodecyl,
undecyl lauryl, tridecyl, myristyl, pentadecyl. Suitable (C8-C15) alkyl (meth)acrylate
monomers include, for example, octyl methacrylate, octyl acrylate, nonyl methacrylate,
decyl methacrylate, decyl acrylate, isodecyl methacrylate, undecyl methacrylate lauryl
methacrylate, lauryl acrylate, tridecyl methacrylate, myristyl methacrylate, pentadecyl
methacrylate, pentad’ecyi acrylate and mixtures thereof. In a preferred embodiment,
the (Cg-C15) alkyl (meth)acrylate monomer is lauryl methacrylate, myristyl
methacrylate or a mixture thereof.

As used herein, the terminology"(C16-C24)alkyl" means any straight or
branched alkyl group having 16 to 24 carbon atoms per group, e.g., stearyl, cetyl,
heptadecyl, nonadecyl, eicosyl. Suitable (C16-C24)alkyl (meth)acrylate monomers
include, for example, stearyl methacrylate, cetyl methacrylate, cetyl acrylate, eicosyl
methacrylate and mixtures thereof. Ina preferred embodiment, the (C14-C24)alkyl
(meth)acrylate monomer is cetyl methacrylate, stearyl methacrylate, eicosyl
methacrylate or a mixture thereof.

The polymer includes from about 70 wt% to about 99.5 wt%, preferably from
about 82 wt% to about 97.5 wt%, first repeating units, each derived from a (Cg-
C15)alkyl (meth)acrylate monomer, and from 0.5 wt% to 30 wt%, preferably from about
2.5 wt% to about 18 wt%, second repeating units, each derived from a (C16-C24)alkyl
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decyl nethacrylate, decyl acrylate, isodecyl nethacrylate, undecyl
met hacryl ate lauryl nethacrylate, lauryl acrylate, tridecyl nethacrylate,
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m xture thereof. As used herein, the termsol ogy" (Cl6-C24)al kyl" nmeans any
straight or branched al kyl group having 16 to 24 carbon atonms per group,
e.g., stearyl, cetyl, heptadecyl, nonadecyl, eicosyl. Suitable
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about 150
pol ymer of from about 1 to about 36 after 3 minutes of sonic shearing.

The polymer of the present invention is made, for example, by a free radical
initiated solution polymerization of (meth)acrylate monomers in an oil soluble diluent,
in the presence of a polymerization initiator.

Suitable polymerization initiators include initiators which disassociate upon
heating to yield a free radical, e.g., peroxide compounds such as benzoic peroxide, t-
butyl peroctoate, cumene hydroperoxide, and azo compounds such as
azoisobutylnitrile, 2, 2'-azobis (2-methylbutanenitrile). T-butyl peroctoate is preferred as
the polymerization initiator. The mixture includes, e.g., from about 0.25 pbw to about
1.0 pbw initiator per 100 pbw total monomer charge and, more preferably, from about
0.6 pbw to about 0.8 pbw initiator per 100 pbw total monomer charge.

The diluent may be any inert liquid that is miscible with the vegetable oil or
polyol ester in which the polymer is to be subsequently used. Preferably, the diluent is
a mineral oil, vegetable oil or polyol ester that is miscible with the vegetable oil or
polyol ester in which the polymer is to be subsequently used. The mixture includes,
e.g., from 20 pbw to 400 pbw diluent per 100 pbw total monomers and, more
preferably, from about 50 to about 200 pbw diluent per 100 pbw total monomer charge.
As used herein, "total monomer charge” means the combined amount of all monomers
added to the reaction mixture over the entire course of the polymerization reaction.

The reaction mixture may, optionally, include a chain fransfer agent. Suitable
chain transfer agents include those conventional in the art, e.g., dodecyl mercaptan,
ethyl mercaptan. Dodecyl mercaptan is preferred as the chain transfer agent. The
selection of the amount of chain transfer agent to be used is based on the desired
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obtained as the product of the above-described process.

The polymer is added to the vegetable oil or polyol ester in an amount effective
to provide a lubricating oil composition having a desired pour point.

In a particularly preferred embodiment, the polymer is added to the vegetable oil
or polyol ester in the form of a relatively concentrated solution of the polymer in a
diluent, e.g., a solution about 25 wt% to 75 wt% of the polymer dissolved in from 25
wt% to 75 wt% of the above-described oil soluble diluent.

As used herein, the terminology "vegetable oil" means an oil extracted from the
seeds, fruit or nuts of plant and includes, for example, rapeseed oil, sunflower oil,
soybean 0il, coconut oil, peanut oil, corn oil, and mixtures thereof. In a preferred
embodiment, the vegetable oil is a grade of rapeseed oil having a low erucic acid
content, more commonly known as canola oil.

As used herein the term " polyol ester" means a partial or complete ester of
saturated or unsaturated fatty acids with an alcohol having two or more hydroxyl
groups per molecule of the alcohol. Preferred polyol esters are those of long chain, e.g.,
C12-C22, saturated or unsaturated fatty acids such as, e.g., lauric acid, palmitic acid,
stearic acid, oleic acid, and linoleic acid, with alcohols having from 2 to 5 hydroxyl
groups per molecule of the alcohol such as, e.g., neopentyl glycol, trimethylolpropane,
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t he more preferably from 0 01 wt% to 0.2 wt%, and still more preferably from 0.02 wt% to
0.10 wt%, of the polymer, and from 99.5 wt% to 99.99 wt%, more preferably from 99.8
wWt% to 99.99 wt%, and still more preferably from 99.90 wt% to 99.98 wt%, of the polyol

ester.

The lubricating oil composition of the present invention may include other
additives, such as, e.g., antioxidants and anti-wear additives, in addition to the polymer
of the present invention.

Some embodiments of the present invention will now be described in the
folloowing Examples.

Xa, es 1-10

The polymer composition of Example 1 was prepared as follows. A monomer
mix was prepared from 482.05g of lauryl methacrylate, 31.09g of stearyl methacrylate,
25.00g of 100N solvent neutral mineral oil, 1.25g of polymerization initiator (50%
solution of t-butyl peroctoate in odorless mineral spirits, Lupersol PMS), and 2.75g of
chain transfer agent (dodecyl mercaptan). To a nitrogen flushed reactor equipped with
a condenser, addition funnel, stirrer, and temperature control system were added
216.86g (40 wt%) of the above monomer mix which was then heated to 115°C while
stirring. A small exotherm carried the temperature of the reaction solution to about
118°C. When the temperature returned to 115°C, the remainder of the monomer mix
was fed into the reactor ata uniform rate over a time period of 60 minutes. Thirty
minutes after all of the monomer had been added, a second feed of 1.75g of
polymerization initiator (50% solution of t-butyl peroctoate in odorless mineral spirits,
Lupersol PMS) in 75.00g of 100N solvent neutral mineral oil was added at a uniform
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methacrylate (SMA) and cetyl methacrylate (C

TABLE1
Example # LMA (wt%) SMA (wt%) CEMA (wt%)
1 94 | 6 -
2 100 _ - -
3 95 5 -
4 925 7.5 -
5 90 10 -
6 85 - 15
7 80 - 20
8 75 -~ 25
9 70 - 30
10 55 - 45

The polymer solutions of Examples 1, 2, 6 and 9 were added to polyol esters
(trimethylolpropane tripelargonate (Emery 2934, Henkel Corporation, Cincinnati, OH),
trimethylolpropane triisostearate (Emery 2951A, Henkel Corporation),
trimethylolpropane trioleate (Emery 2964 A, Henkel Corporation), neopentyl glycol
dioleate (Emery 2965, Henkel Corporation) and pentaerythritol tetraoleate (Emery 2898,
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the polyol ester. The lubricating oil conposition of the present invention
may include other additives, such as, e.g., antioxidants and anti-wear
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TABLE 2

ASTM D97 Pour Point, °C -
Polymer polymer [EsterA Ester B Ester C Esfer D Ester E
Ex#

solids,

wi%
- - 51 30 2 30 27
1 006 51 24 45 45 24
2 0.06 ~ -30 - - 24
6 0.06 - 24 - - 24"
9 0.06 - 24 - - 27

Examples 1A-10A

Each of the lubricating oil compositions of Examples 1A-10A was made by
adding a respective one of the polymer solutions of Examples 1-10 to canola oil
(Calgene C-102), in an amount effective to provide 0.39 wt% polymer solids in the
lubricating oil composition.

The low temperature stability of each of the lubricating oil compositions was
evaluated by monitoring the appearance of two sets of samples of the respective
compositions, each stored at -25°C. Canola oil alone was solid after one day at -25°C.
The stability of a sample was defined as the number of days that the sample remained
fluid under the test conditions. The results for both sets of samples of each of the



diJute the polynmer produced in the reactor. The polyner-in-o0il solution so
produced was stirred for 20 m-nutes and allowed to cool to room
tenperature. Theoretical polymers solids for this preparation are 62. 6%
The polyner-in-oil solution had a polyner solids content of 60.5 w%
(conmpared to a theoretical solids content of 62.6 W%, representing a

96. 7% conversi on of nmononmers to polyner. §he pol yner conpositions of
Exanpl es 2-10 were prepared by a process anal ogous to that disclosed above
for the conposition of Exanple 1, except for the conposition of the nonomer

used 1o ‘#éq?ﬂpw@‘ss% RS A AR SRR TANEEPROSS U Yy me,

The fol | cesiprgssedriomdays. wer e used: | auryl met hacryl ate (LMA), stearyl _
nmet hacryl ate (SMA) and cetyl nethacryl ate CEMAg TABLE 1 Exanple # LMA
(W%  SMA (W%  CEMA (w9 1 _@_ 6 2

100 - -3 5 » .4
92. 5 7 5 Exi, Lubricati M‘_ﬁglmgz 1 tability ,  -25°C 6
85 - 15 7 80 - 20

3 75 Composition 25 9 20{days) )

30 10

45 The pol yner Pgl utions of
Exanples 1, 2,6 and é wer e added to pol yol esters (trinethylol propane
tripelargonate (Emepy 2934, Henkel Corpgration, G ncinnati,1@H),

trimethyl ol propane triisostedrate (Emery 2951A, Henkel Corporat i on),

trimet hyl ol propane 8Ai ol eate (Enmery 2963 A, Henkel Corporat8dn), neopentyl

gl ycol
4A 4 8, -
5A 5. 5,4
6A 6. 5,6
7A 7 4,4
8A 8 -4
9A 9 -3
10A | 10 -1
Example 1B

The lﬁbricating oil composition of Example 1B was made by adding the polymer
solution of Example 1 to canola oil (Calgene C-102) in an amount effective to provide
0.79 wt% polymer solids in the lubricating oil composition.

The pour point of the each of the compositions of Examples 1A and 1B and of the
canola oil alone were measured according to ASTM D97. The kinematic viscosity of
each of the compositions of Examples 1A and 1B and of the canola oil alone were
measured according to ASTM D445 at several different temperatures. The Brookfield
viscosity of each of the compositions of Examples 1A and 1B and of the canola oil alone
were measured according to ASTM D2983 at several different temperatures.

Results are set forth below in TABLE 4 as Pour Point, expressed in degrees
centigrade (°C), Kinematic Viscosity, expressed in centiStokes (cSt) and Brookfield
viscosity , expressed in centiPaise (cP) for each of the compositions of Examples 1A and
1B and the canola oil alone.



di ol eate (Emery 2965, Henkel Corporation) and pentaerythritol tetraol eate
(Enmery 2898, 7 Henkel Corporation), in an anmount effective to provide
0.06 wt % pol ynmer solids ("Enery" is a trademark). The pour point of each of
the esters and several conbinations of the respective polyners and esters
were neasured according to ASTM D 97. Results are set forth in TABLE 2 as
pour point, expressed in [err], for each ob the conpositions tested. The
esters are denoted in the table as trinethylol propane tripel argonate (Ester
A), trinethylol propane triisostearate (Ester B), trinethylol propane

trioleate (Ester C), neopentyl glycol dioleagegrfster D) and
pentaerythritol tetraol eate (Ester E). TA&%‘E‘(ASTM D97 Pour Point, [err]

Pol ynmer pol ymer Ester A cakdlaqhilB EStEe4 elAEster DExamﬁég E Ex

# solids. wt% - -51 -30 - 27
1 Op@fir Point (=€} ~24 45 33 -4 -38 2

0. 06 - -30 - -24 6 0. 06

- Kﬁje;_m.&' - -24 9 0. 06

-24 -27 Exanpl es 1A-10A Each of the lubricating

oi | corrposY_i_as:_QQ;ixof Exarrpl es 1A- 10A was made by adding a respective one of
t he pol yner sol utions of Exanpl es % 10 to canol a3 Qi |

(cSt), 40°C 38.76
0°C . - 231.2 243.6
-10°C - 446.2 | 469.8
20°C - 1026 1067
-30°C - 4239 " 3938

Brookfield )

Viscosity - 550 600

P), _-10°C _
-20°C - 1450 1500
-26°C solid 400 3300
-30°C solid 3350 4350 .

-40°C solid solid solid




(Cal gene CG-102), in an amount effective to provide 0.39 wt%pdl Y%%ﬁ%gﬁssEEN

in the lubricating oil conposition. The |ow tenperature stabilfj

of the lubricating oil conpositions was eval uated by nonitori
appearance of two sets of sanples of the respective corrp05|t|ons each
stored at -25[err]. Canola oil alone was solid after one day at -25[err].
The stability of a sanple was defined as tijge nunber of days that the sanple

remai ned fluid under the test conditions. The r ts for both sets of
sanpl es of each of the conpositions of Exarrpl es 1A-10A are set Torth

bel ow i n TABLE a%%sﬂabi lity at -25[err], expres Hﬂ‘ ﬂ'ﬁﬂ,m E 3 Ex #
Lubricating él # Pol ymer St abl | ty, UHI" ]] ion

(days) 1A 1 .

2 1,1 3A 8,4

4A 1. A pblymer, which comprises: 8. - 5A : S

5,4 6A Iﬂoym P 5,6 7A 7

4,4 8A from 70 we1ght§>e9éknt to 99.5 weight percent figst repeatmgl_ units, each derived3
Exanpl'e 1B The lubricating

éloib\ corrposff?rf‘c?h(% Cé??;la#%yl (nleéhb@ggylﬁgdglwzg%rd 8 t he pol yner

from 0.5 weight percent to 30 weight percent second repeating units, each
derived from a (C16-C24)alkyl (meth)acrylate monomer.

2. A polymer as claimed in claim 1, wherein the polymer comprises:

from 82 weight percent to 97.5 weight percent first repeating units, each derived
from a (Cg-Ci5)alkyl (meth)acrylate monomer; and

from 2.5 weight percent to 18 weight percent second repeating units, each
derived from a (C16-C24)alkyl (meth)acrylate monomer.

3. A polymer as claimed in claim 1 or claim 2, wherein the (Cg-C15)alkyl
(meth)acrylate monomer comprises lauryl methacrylate, myristyl methacrylate or a
mixture thereof.

4, A polymer as claimed in any preceding claim, wherein the (C15-C24)a1ky1
(meth)acrylate monomer comprises cetyl methacrylate, stearyl methacrylate, e1cosy1
methacrylate or a mixture thereof.

5. A biodegradable additive, which comprises:

from 25 weight percent to 75 weight percent of a polymer as claimed in any
preceding claim; and

from 25 weight percent to 75 weight percent of a vegetable. oil or polyol ester.
6. A biodegradable lubricating oil composition, which comprises:

from 0.01 weight per cent to 2 weight per cent of a polymer as claimed in any of
claims 1 to 4, and

from 98 weight per cent to 99.99 weight per cent of a vegetable oil or a polyol
ester. :

7. A composition as claimed in claim 6, wherein the vegetable oil comprises
canola oil.

Thls Sheet Has Been Repl
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sol utiton of Exanple 1 to canola oil (Calgene C-102) in an amjuhtiSe3HELT HAS BEEN
to provide 0.79 wt % pol ymer solids in the lubricating oil coffposit RERLACED
pour point of the each of the conpositions of Exanples 1A and IB and of the

canola oil alone were neasured according to ASTM D97. Thé ki nematic

viscosity of each of the conpositions of Exanples 1A andﬂﬂ,ﬂ'ﬂ‘mﬂ"m
canola oil alone were neasured according tio ASTM D445 at : gék me,"I
tenperatures. The Brookfield viscosity of each of the cohpositci ohs Bf s =
Exanpl es 1A and 1B and of the canola oil alone were nmeasured according to

ASTM D2983 at g.ever A cthpbsitieAlaschiRREGH A 6,mwm%;westarmpﬂé@w

in TABLE 4 P ) | d d , [
i nomat | cReReRE! EcoLMisleREdum A EIBIPIORAe aoIa 8 5 SAC By RTIRAE

Vi Scosi t y¢iigysteassted in centi Poise (cP) for each of the conpositions of
Exanpl es 1A and 1B and the canola oil al one. 9 TABLE 4 Canola Q|
Exanpl e 1A 9. AbwethodfdrHoReringRbe pouf [peintof a vegetable gif or a polyol ester,

2,,23 95 which compr%%é ggaﬂ'@ﬂ'ﬁﬁfncofﬂ ﬁﬁﬁ% g&%ﬁ%éig?go 2 flrth By eight of a polymer as
231. 2 claimed in anyzu'fg_lagnmllgi[oé {0 from 98 parts by weight to 99.99 parts by weighf-of,

469.8 -20 El?é{r&getable oil or polyol ester. 1026 1067
-30[err] 4239 _ 3938
Brookfiel d 10.  Use, in a biodegradable lubricating oil composition comprising from 0.01

weight percent to 2 weight precent of a polymer as claimed in any of claims 1 to 4 and
from 98 weight percent to 99.99 weight percent of a vegatable cil or a polyol ester, of the
polymer to lower the pour point of the vegetable oil or the polyol ester.

een Replaced

"l
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vi scosity 550 600 (cP),

-10[err] 1450 1500 -26[err] solid

400 - 3300 -30[err] solid 3350
4350 40[err] solid solid solid
Substitute sheet - 13 Novenber 1996 -10- CLAIMS: 1. A bi odegr adabl e

additive, which conprises: from 25 wei &m@iéfent to 75 wei ght percent of a
pol ymer whi ch conprises from 70 wei ght —p&fe€ to 99.5 weight percent first
repeating units, each derived froma ([err])al kyl (neth)acrylate nononer,
and from 0.5 wei ght percent toADRITHEEFER PHEHRIEATINGCOHAd repeating units,
each derived froma ([err])al kyl (nmeth)acrylate nononer; and from 25 wei ght

percent to 75 weight percent of a vegetable oil or polyol ester. 2. A
bi odegradabl e additive as claimed in claim1, wherein the polyner
conpri ses: fronTA2 presayittinypentimnpravid€s/a olyeng:hd:om risiagtrepeatirig uritederingd

units, eacq,gef g}’f@&f@g&%ﬁéﬁ Jc& EMon(JIﬁ&P rr\éé@%tfrxfé’ﬁﬂﬂ’?éyvggc Jch g™

2.5 melghtgﬁﬁr rcent secor )

derived fr alkyl (e aCI(y eHneDoyest Jhnmrcmmeennonaisw)pmg\eaaable

additive alﬁoéégﬂaaﬁﬁlé A dikve mna @biodeptddable }MB%{&hH {oieconh S5 diﬂiaﬁkdﬁh‘x rlsn;ﬁ t
at e

th | at t t
o o Mt (REVEEABEE vegehble %&m@gpﬁﬁ%?%@ﬁq%nge p sesifivar iy
precedi ng miImoned\wartempermm Fledidiity and low temperature storage stab111ty



Lecr])-al kyl (meth)acryl ate nononer conprises cetyl nethacrylate, stearyl
nmet hacryl ate eicosyl methacrylate or a mxture thereof. 5. A

bi odegradabl e lubricating oil conposition, which conprises: fromO0.01

wei ght percent to 2 weight percent of a p@mﬂtuwﬂmtcoﬁﬁrN@wﬂbebWQQ
wei ght percent to 99.5 weight percent first repeating units, each derived
froma ([err])alkyl (neth)acrylate mongger, and from O: cent to
30 wei ght percent second repeating units, each derived err )aIkyI
(meth)acryl ate nononer; and from 98 wei ght percent to Qimi@ﬂﬂ b h

of a veget a@k&lggg or a polyol ester. REPLACEMENT SHEET

- 13 Novenbe 6 6 A conposition as clained in claimb5, V\/nerel *n the
pol ymer conpri ses: from 82 wei ght percent to 97.5 wei ght percent first

repeating units ach derjved.fr g[err )al kyl (neth)acryl at e nononer;
and from 2. & V\Bléﬁomhle%&l V(EP %?’(?ent second repeating units,
each derived fro (-;ﬁ,gim &%

conposi tion as c ﬁ%@fﬁoﬂ%? or cflal &%&EV\;'IEIPQI n Ehehzr(h[ ergiiweﬁ EOF”O
(et h) acrylwblghhpmcnmemBQ%rweA lghqmrdeauﬁx;lrepmﬂngl qm;&daeaeh demvedsﬁ-gthar(ﬂal @a&%ﬁte
or a mxtur er epf . conposi tion scalrre in one of cl ains to
7, wherein ’H"éBPfQEﬁ i‘%h té’efﬁﬁﬁbmo‘t‘f pegggntwrepmmg
met hacryl at BnitsS e8H ddriveR (HRAF )gﬁymg a mxture

t hereof . 9. A corrp05|t|on£§¢s:%1@ﬂr$g§&ixén an ong%o?ﬁlgﬁglhrlrs 5to 8§,

wher ei n the vegefrain 25 weightperpent $0%5 waipht peroérit. oth(egetableodmrqmlyolestelas
claimed in any one of clains 5 to 8, wherein the polyol ester

2. A biodegradable additive as claimed in claim 1, wherein the polymer comprises:
from 82 weight percent to 97.5 weight percent first repeating units, each derived from
a (Cy-Cyo)alkyl (methyacrylate monomer; and |
from 2.5 weight percent'to 18 weight perceﬁt second repeating units, each derived
from a (C,5-C,)alkyl (meth)acrylate monomer.

3. A biodegradable additive as claimed in claim 1 or claim 2 wherein the (C;-C,s)alkyl
(meth)acrylate monomer comprises lauryl methacrylate, myristyl methacrylate or a mixture
thereof.

| 4, A biodegradable additive as claimed in any preceding claim, wherein the (C,
Cyoalkyl (meth)acrylate monomer comprises cetyl methacrylate, stearyl methacrylate eicosyl
- methacrylate or a mixture thereof.

5. A biodegradable lubricating ol composition, which comprises:
from 0.0l_weiéht percent to 2 weight percent of a polymer which comprises from 70
weight percent to 99.5 weight percent first repeating units, each derived from a (C,-C, )alkyl
(meth)acrylate monomer, and from 0.5 weight percent to 30 weight percent second repeating
units, each derived from a (C,¢-C,)alky! (meth)acrylate monomer; and
' from 98 weight percent to 99.99 weight percent of a vegetable oil or a polyol ester.

'REPLACEMENT SHEET




conpri ses neopentyl glycol dioleate, trinethylol prop*ﬂﬂlﬂﬂu&mﬁu&l &lw
trinmethyl ol propane trisostearate. 11. A nethod for '[§ r

poi nt of a vegetable oil or a polyol ester, which conprises adding from
0.01 parts by weight to 2 parts by wei ght Substitytelsheet - whB MNovemiper $886f r om
70" wei ght percent-to 99.5 wei ght percent fTTSU repeating units, each
derived froma ([err])al kyl (neth)acryhate nononer, and from 0.5 weight

percent to 30 wei ght percent second repeating uni ts each derived froma
([err])alkyl (neth)acrylate nmonomer, to from 98 parts by wei ght to 99.99

parts by we ght 3?11&:10 I efet hod as
clainmed in I ai nglcf%érsg?g e p%lcglﬁrr%lr (é%oﬁ/r?g%lflsesﬁdl}’rom é?wel ght percent
to 97.5 wei ght pf6ome2iwdight percem 0 6.5 wikight pérsent €inst bepeatingvuitsf earhnderived from
Substitute sheet - 13 Novermber 1996 -12- a ([err])alkyl (nmeth)acrylate

mononer ;  andl (G-Enatkyl (methiacrylate menomer; wei ght percent second repeating

Oy Saoh, 0o S SRl L Al oA Wi, i drie

(net h) acryl fibm a(CMGs)alkyinfuetidaylaunphomet hacryl ate, myristyl nmethacryl ate
or a mxture thereof. 14. A method as clainmed in any one of clains 11 to

13, wherein the ([err])al kyl (neth)acrylate nononer conprises cetyl

th | at t : ' t
Thereof ) 157 °UAocHlnpBBtie ) iinod f Qi S76° Clat 6, wherel, thet (G C.Jallyl
conpri si ng (meiatrylite monoer gomprises lauryl Inethdcgylate pmytistyt methacryjad¢ onma mivsiirec h

conprises from 70 wei ght percent to 99.5 weight percent first repeating
units, each ved froma ([err])al kyl (rmeth)acrylate nonomer, and from
0.5 wei ght percent to 30 wei ght percent second repeating units, each

8. A composition as claimed in any one of claims 5 to 7, wherein the (C.s-C,alkyl
'(meth)acrylate monomer comprises cetyl methacrylate, stearyl methacrylate eicosyl
methacrylate or a mixture thereof, '

9. A composition as claimed in any one of claims 5 to 8, wherein the vegetable oil

comprises canola oil.

10. A composition as claimed in any one of claims 5 to 8, wherein the polyol ester
comprises neopentyl glycol dioleate, trimethylolpropane trioleate or trimethylolpropane
triisostearate.

11. A method fdr lowering the pour point of a vegetable oil or a polyol ester, which
comprises adding from 0.01 parts by weight to 2 parts by weight of a polymer which
comprises from 70 weight percent to 99.5 weight percent first repeating units, each derived
from a (C,-C,,)alkyl'(meth)acrylate monomer, and from 0.5 weight percent to 30 weight
percent second repeating units, each derived from a (C,s-C,,)alkyl (meth)acrylate monomer,
to frpm 98 parts by weight to 99.99 parts by weight of the vegetable oil or polyol ester.

12. A method as claimed in claim 11, wherein the polymer comprises:
from 82 weight percent to 97.5 weight percent first repeating units, each derived from

REPLACEMENT SHEET




deLFved froma ([err]al kyl (neth)acrylate nononmer, and from 98 wei ght
percent to 99.99 wei ght percent of a vegetable oil or a polyol ester, of

the polyner to | ower the pour point of the vegetable oil or the pol on
ester. 16. Use as clained in claim15, viuhstitate shegiql ieNovemper 896

from 82 wei ght percent to 97.5 wei ght percent first Wch
derived froma ([err])al kyl (neth)acryljat.e nononer; ‘apnd from 2
‘percent to 18 wei ght percent second repeating units,aH ”ﬂﬁ"’,@m’ll[

([err])al kyl (rret h) acryl ate nononer . 17 Use as cl i
claim 16, agcryl ate nmononer conpffi ses uryI
met hacryl a}tﬂg st I(Heﬁi?iéudr%ryl aJt)e or a m xture thereof. 18. Use as

clainmed in any ofmnnz Scweightspetéent o 18 welghelpercanﬂiceo:(d repedting| unjts, each derived
(.net h) acryl ate riges cet net hacryl ate, stearyl netacryl ate
ei cosy! a@rg@m&ﬂiﬂm EQHM- REPLACEMENT SHEET

13. A method as claimed in claim 11 or claim 12, wherein the (Cs-C,5)alkyl (meth)acrylate
monomer comprises lauryl methacrylate, myristyl methacrylate or a mixture thereof,

14. A method as claimed in any one of claims 11 to 13, wherein the (Cis-Crlalkyl
(meth)acrylate monomer comprises cetyl methacrylate, stearyl methacrylate eicosyl
methacrylate or a mixture thereof.

15.  Use, in a biodegradable lubricating oil composition comprising from 0.01 weight
percent to 2 weight percent of a polymer which comprises from 70 weight percent to 99.5
weight percent first repeating units, each derived from a (Cs-Cgalkyl (meth)acrylate
monomer, and from 0.5 weight percent to 30 weight percent second repeating units, each
derived from a (Cy-C,/alkyl (meth)acrylate monomer, and from 98 weight percent to 99.99
weight percent of a vegetable oil or a polyol ester, of the polymer to lower the pour point of
the vegetable oil or the polyol ester. |

16.  Use as claimed in claim 15, wherein the polymer comprises:

from 82 weight percent to 97.5 weight percent ﬁrstrepeatmg units, each derived from
a (C;—Cu)alkyl (meth)acrylate monomer; and '

from 2.5 weight percent to 18 weight percent second répeating units, each derived
from a (C,s-C,)alkyl (meth)acrylate monomer.

17. Use as clalmed in clzum 15 or claim 16, wherein the (C4-Cy5)alkyl (meth)acrylate
monomer coinpriées lauryl 'methacrylate; myristyl methacrylate or a mixture thereof.

18. Use as claimed in any one of claims 15 to 17, wherein the (C,-C,)alkyl
(meth)acrylate monomer comprises cetyl methacrylate, stearyl methacrylate eicosyl
methacrylate or a mixture thereof.
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